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1. Introduction 
Nowadays, almost half of the world's population lives in or near areas where the quality of 
air is poor. Rapid changes in the environment related to the“industrial revolution” have 
changed the earth within almost no time. These civilization changes are usually positive, as 
they lead to technological advancement, raising living standards, providing better health 
care and hygiene. They are however accompanied by unforeseeable climatic changes and 
negative health effects, which result from progressive contamination of the biosphere, as 
well as excessive exposure to toxins and allergens. They, in turn, lead to a growing number 
of immune system dysfunctions or even deaths in animals and humans.  
It is estimated that in the 20th century, only around 100,000 chemical substances were 
introduced. However, the pace at which new ones are being introduced is still growing. In 
2009, 50 million synthesized chemical compounds were entered into the international register, 
“The world’s largest substance database” and of that number, 143,000 compounds were used 
for industrial purposes. At present, as it has been recently updated (04 November 2011), the 
number of the registered compounds is now 63, 839, 600 which means an increase of more 
than 20% within less than two years 59. It is a fact that the air in urban city agglomerations is 
contaminated with hazardous compounds which appear as a result of the process of 
incomplete burning of minerals used in transport, power and other industries. Some of them 
exacerbate the greenhouse effect and cause disorders in the immune system. Additionally, we 
should not neglect the widespread pollution of rural areas. Pollution also brings about 
disorders in the immune system in humans, domestic animals as well as wild animals. 
Although the concentration of certain chemical substances is monitored in the air, water and 
food, some studies have shown that the influence of the concentration on dysfunctions of 
immune system in an individual is very complex and often difficult to explain. When the 
homeostasis of the immune system is disturbed it is difficult to treat such cases.  
The immune system is a highly complicated, even intelligent, system with a characteristic 
hierarchy. Studies show that the system often has difficulty in adapting to environmental 
changes. More and more immune pathologies are appearing. They start with 
immunosupression, immunomodulation and finish with autoagression and allergy. The 
reasons for these phenomena are still being examined. Epidemiological, clinical, as well as 
toxicological, examinations conducted on humans and animals are the grounds for 
evaluation of health effects resulting from environmental pollution. The analysis of factors 
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related to local and global environmental changes, particularly the toxicology of the urban 
environment, which might affect the proper functioning of the immune system is highly 
important from the point of view of public health. It is known already that environmental 
toxins can lead to reduced resistance of the epithelium and facilitate the contact of 
inhalatory allergens with the “network” of dendritic cells. The activation of these cells by 
toxic compounds make the allergens more recognizable. The exposure to the factors might 
lead to oxidative stress through the production of reactive oxygen (ROS) and nitrogen 
species (RNS) at an amount which cell defensive mechanisms cannot manage.  
Environmental toxins, depending on the dose, can cause permanent changes, including 
epigenetic ones. Recently, the clinical evaluation of immune system dysfunctions has been 
thoroughly analysed; the genetic and environmental aspects are taken into consideration, as 
well as any climatic changes which might lead to an increase in the allergogenic potential of 
natural organic compounds that might directly affect the immune system 98. All these 
factors and related compounds are potent. Their health implications might be unforeseeable, 
instant, long-term, irreversible or permanent. The aim of the study is a review of modern 
environmental toxins, their relationship to the process of global warming, the appearance of 
disturbances in the immune system as well as chronic inflammatory diseases of the 
respiratory system. 
2. Classification of air pollutants 
Air pollutants are usually classified as natural and anthropogenic. Another classification 
also takes the environment into consideration. 
2.1 Natural pollutants 
Natural pollutants – geological (e.g. volcanic ash emission, fires, emission of minerals 
coming from soil erosion). On the European scale, the pollution is monitored with satellite 
data from the UE MACC 2010 international research project. The European database for 
biogenic pollution (from 35 countries in Europe): pollen and fungal spores, can be found on 
http://www.polleninfo.org/. 
2.2 Anthropogenic pollutants 
Anthropogenic pollutants – chemical compounds which are produced as a result of human 
activity. They appear in industrial and metallurgical technological processes; they are 
combustion products of fossil fuels, dust and aerosols. The last category comprises pollutants 
which pose a health hazard for a man - NOx O3, SO2, CO, nicotine smoke, hydrocarbons, lead, 
chromium, particulate matter (PM), including nanoparticles. There has been a rapid increase in 
the number of reports demonstrating a close relationship between the exposure to 
anthropogenic substances and disorders of the immune, respiratory and cardiovascular 
systems or even a growing number of deaths. Findings show that poor air quality results in 
dysfunctions of the immune system. They, in turn, lead to the poverty of people inhabiting the 
particular region 105,118. The classification of pollutants is also based on the number of 
particles in the air, their origin and state of aggregation, while a further classification concerns 
the place where the pollutants are measured e.g. city/rural environment, air inside/outside a 
building. This study aims at presenting the influence of particular toxins on human health and 
we try to give a detailed description of those toxins one by one. 
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2.3 Dirty dozen: Examples of compounds which heavily pollute the environment and 
cause immune pathologies 
The Environmental Protection Act and directives issued by the European Parliament and 
the European Council as of 21 May 2008 provide the necessity of constant monitoring of air 
and 12 of its components which pose a health hazard: 
 nitrogen dioxide NO2, 
 sulfur dioxide SO 2 
 carbon monoxide CO, 
 benzene C6H6, 
 ozone O3, 
 particulate matter PM10, 
 lead Pb in PM10 
 arsenic As in PM10, 
 cadmium Cd in PM10, 
 nickel Ni in PM10, 
 benzopyrene in PM10, 
 particulate matter PM2,5. 
According to the provisions of the European Union, this act must enforced in all member 
states and its established regulations are required to be respected by cities with populations 
above 100,000 37. 
2.4 Urban outdoor pollution 
Large cities are spread all over the world. In Europe, around 75% of the population live in 
cities. Therefore, the majority of scientific research on the topic of air pollution is performed in 
cities. The pace of migration from rural areas to cities is still fast. Unfortunately, city dwellers 
pay a huge price for living in large agglomerations where even breathing puts their life at risk. 
The air in major cities contains over 700 substances, both organic and inorganic compounds, as 
well as metals (e.g. lead, cadmium, manganese, mercury) and their compounds with other 
stable inorganic and organic substances, including DEP, soot, dust, smoke, dioxins, metals, 
polycyclic aromatic hydrocarbons (PAHs) – pyrenes, benzoapyrenes, dibenzofurans, 
polychloro aromatic hydrocarbons (VOC), fungal and pollen allergens and many others. 
In polluted city environments, there is a deficiency of bacterial flora with probiotic and 
saprophytic properties (e.g. bifidobacterium, lactobacillus) and so the inhabitants are 
exposed to pathogenic microorganisms (e.g. Staphylococcus ureus, Candida albicans) 86.It 
has also been confirmed that dust collected in city areas is characterized by higher oxidative 
activity, mainly because of the presence of metal ions Fe3+. In healthy people a typical 
concentration of dust (< 0.2 ppm) usually causes reversible effects such as irritation of the 
mucous membrane in the conjunctiva and upper respiratory tract.  
2.5 Rural outdoor pollution 
Air quality in rural areas is much less frequently monitored. Intensive agricultural 
developmentand other industries contribute to progressing soil and water pollution with 
the remnants of fertilizers and pesticides, which impoverishes soil and causes wood atrophy 
(Figure 1). In water reservoirs, algae bloom, block access to oxygen and cause eutrophication  
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Fot. Agnieszka Wojciechowska 
Fig. 1. The effects of plant vegetation in unpolluted (Łódź, Arurówek) and polluted 
(Krzewo) areas in central Poland. 
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of water ecosystems. The agricultural industry also contributes to the excessive emission of 
nitrogen compounds; NH3 and NH4+
ions have been used on a huge scale in artificial 
fertilizers since the 1st half of the 20th century. Nitrogen compounds and other substances 
coming from rural areas are bound by PM particles and often transported over longer 
distances by acid rain. Many compounds which are found in weed-killing agents may 
irritate the respiratory system and even block receptors for hormones or neurotransmitters; 
many pesticides are inhibitors of acetylcholinesterase. They negatively influence the 
homeostasis of the body and its immune system. Pesticides and toxic herbicides may also 
have immunotoxic and immunosuppressive properties. They can act by causing 
deactivation of lysozyme, an important protective factor against pathogenic Gram(+) 
bacteria present in saliva, tears, secretion of mucosa and body fluids in phagocytes 20.On 
the level of adapted immunity, they can act by, among other things, inhibiting lines of T 
CD4(+), CD25(+)lymphocytes and T reg lymphocytes 30. 
2.6 Indoor pollution 
Poor air quality inside a building might constitute a serious environmental threat 41. It has 
been confirmed that air pollution inside buildings is usually 2 - 5 or even 100 times higher 
than outside 62.Interestingly, not only pollutants coming from outside are responsible; 
pollen,house-dust allergens such as mite allergens and cockroach allergens, as well as 
fungal spores, animals, household cleaning products, building materials, air fresheners, 
naphthaline and even dry-cleaned clothes also exert an allergenic effect 40. House owners 
are also threatened with breathing fumes emitted during the process of burning traditional 
biofuels, such as gas, coal and wood, as well as highly toxic nicotine smoke, which contains 
more than 6000 toxins. One such component of cigarette smoke is nitrogen oxides, whose 
level ranges between 200 mg/m3 and 650 mg/m3 147. The WHO defines the 1-h limit value 
of 200μg NO2/m3 air. Due to their poor water solubility, the site of immunotoxicity of nitric 
oxides is the upper respiratory tract. The unfavorablesituation inside buildings could be 
improved quite easily. For example, the use of chemical products could be reduced or the 
building occupants could stop smoking nicotine, since the filtration of air polluted with 
nicotine smoke is hardly effective 22.  
Another world concern is pollution with bisphenol or tributyltin (TBT), compounds which 
can be found in house dust, as well as outside, and which can seriously impair the immune 
system in humans and animals.  
Bisphenols (PBA, PBC) belong to a group of extremely dangerous toxic indoor compounds 
which have been in use for more than 50 years. Bisphenols can be found in many everyday 
products made of polycarbonate. Exposure to bisphenols is hazardous even in intrauterine 
life. Bisphenols have been identified in the blood of infants whose mothers used simple 
devices for recycling domestic waste while pregnant; they were exposed to polychlorinated 
biphenols (PBC) by breathing them in. The infants’ birth weight was lower and their Apgar 
scores were worse 146. The list of sources of biphenols is long. The compounds accumulate 
in house dust, which is highly dangerous for children. They can be found in commonly used 
plastic objects such as bottles for babies (although the production of bottles containing BPA 
in EU countries was banned in March 2011, and the import and sale of such bottles was 
banned in June 2011), plastic bottles for milk and drinks, kitchen utensils, wrapping food 
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foil, dental fillings, dentures, dental bridges, food and medicine packaging, as well as plastic 
elements within various medical devices such as inhalers, dialyzers, pacemakers, contact 
lenses and protective masks. They are also components of paper and are found in fire 
retardant agents in furniture and fabrics as well as in electric cables.  
Bisphenol easily penetrates the skin, air passages and the alimentary tract. It can induce 
dangerous epigenetic changes in reproductive cells, disturbing chromosome division 
(aneuloplodia) thus potentially leading to Down syndrome. After heating or sterilizing these 
articles (e.g. bottles for babies) polycarbonates are slowly degraded and, as a consequence, 
bisphenol molecues are released dozens of times faster. Due to the similarity of PBA 
molecues to estrogens, these compounds induce many hormonal disturbances, mainly in the 
thyroid and pituitary gland; they alsoinfertility, neoplastic diseases , diabetes, obesity as 
well as have neurotoxic properties 125.  
Due to their high toxicity, tributyltins (TBT) are also regarded as some of the most 
dangerous substances polluting the indoor environment. TBT have been found in the air 
inside many public buildings and private houses 97. Many analyses have confirmed their 
immunosuppressive character, which might lead to impairment of anti-infectious immunity 
and development of neoplasms. Despite this, TBT have been widely used in agriculture and 
industry since the 1960s. Nowadays they can be found in plastics, herbicides, household 
cleaning agents and building materialsdespite a considerable body of alarming information 
concerning their negative effects. They are in recycled products and their production has not 
been banned, yet. They are used for conserving wooden objects, hulls in ships, in textiles, 
plastic products, fungicidal, insecticidal and bactericidal agents, commercial catalysts and 
even toiletries,especially in antibacterial additives for washing liquids and soaps, pampers 
diapers and toys for children 74. These toxins have also been traced in many alimentary 
products, even in the milk of breastfeeding mothers. Toxicologists warn against using 
plastic boxes, toys and other products, even those which were permitted to be sold by the 
FDA, because of their potential effect on cell metabolism. By disturbing endogenic steroid 
hormones and modifying the activity of many drugs, they induce irritation of respiratory 
passages, skin and eyes, and have neurotoxic properties 133. It has been confirmed that 
TBTs activate peroxisome proliferator-activated receptors (PPARs), present on cells, which 
might lead to metabolic disorders, upset the lipid balance and as a consequence, lead to 
diabetes and obesity 29. Nevertheless, there are hopes that recently isolated bacterial 
strains (class Bacilli and c-Proteobacteria) might play a role in the biodegradation of TBT 4. 
2.7 Air Quality Index (AQI) 
In most countries all over the world, the level of air pollution is constantly monitored. 
However, for many people, the data is inaccessible or cannot be understood. In American 
countries there is one general air pollution indicator called the Air Quality Index (AQI) 60, 
thanks to which, it is possible to provide a daily practical and yet complex evaluation of 
many pollutants on the American continent and show to what extent air quality might have 
a negative influence on health. The AQI values are presented on a six-grade scale. In 
European countries there are initiatives to introduce a uniform index evaluating air quality 
which might improve the system of sending information and warnings. The levels of EPA 
Air Quality Index and their relationship with oxidative stress biomarkers in epithelial cells 
are shown in figure 2. 
www.intechopen.com
 Air Pollution – Monitoring, Modelling, Health and Control 
 
228
 
Fig. 2. Levels of oxidative stress biomarkers in epithelial cells and their relationship with the 
EPA Air Quality Index. It has been developed on the basis of the “Air Quality Index (AQI) - 
A Guide to Air Quality and Your Health” 
http://www.airnow.gov/index.cfm?action=aqibasics.aqi, and Xiao GG, Wang M, Li N, Loo 
JA, Nel AE. Use of proteomics to demonstrate a hierarchical oxidative stress response to diesel 
exhaust particle chemicals in a macrophage cell line. J Biol Chem. 2003;12;278:50781-90.  
2.8 Allergens and environmental toxins 
A great number of atmospheric aerosols are of biological character. It has been estimated 
that bioaerosol constitutes 5 – 10% of the total volume of PM 100. Plant pollen and fungal 
spores are dominant in rural areas rather than in cities. However, city inhabitants more 
frequently suffer from pollen allergy 95. According to scientific findings, the main factor 
favouring pollen allergy might be oxidative stress connected with the synthesis of NADPH 
endogenous oxidase in pollen grains such as those of birch or ambrosia, and air pollution of 
oxidative character. They can have a negative, pro-oxidative influence on cells of the 
epithelium of the respiratory tract, activation of dendritic cells and stimulation of pro-
inflammatory processes which might contribute to the development of the allergy 
113,5.The evaluation of the dose-response relationship between the exposure to pollen and 
allergy symptoms is unclear. An interesting study was performed by scientists in Basel, 
Switzerland in which they gathered a database on the levels of birch and grass as well as the 
incidence of allergy over a period of 39 years. It concluded that within 20 years (from 1969 to 
1990) with the increase in the level of pollen, there was an increase in the incidence of hay 
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fever and allergy to birch and grass pollens. In the two subsequent decades (from 1991 to 2007) 
scientists observed the decrease in pollen of these taxons, which was accompanied by a 
decrease in the incidence of allergy 45. Other experiments have not shown a dose-response 
relationship between the sIgE level in serum and exacerbation of clinical symptoms induced 
by Timothy pollen 65. It should be remembered that environmental allergens are most often 
the proteins of living organisms sensitive to changes in the natural environment, such as 
temperature, osmolarity, humidity, pH and exposure to toxins. Modern methods of molecular 
research facilitate introducing detailed patterns ofenvironmental stress response (ESR) caused 
by environmental pollution; not only in terms of genetics, proteomics and kinetics of their 
synthesis but also in terms of the virulence/allergenicity of proteins, as well as the response of 
the immune system to synthesized compounds. The synthesis of co called pathogenesis-
related proteins (PRS), which might be both allergens and toxins, is one of the forms of plant 
and fungal spore response to air pollution.  
2.9 Pollen allergens and environmental pollutants 
Plants are considered to be highly efficient, ecological air filters whose filtering capacity grows 
with the growing level of pollutants.They are able to absorb and accumulate magnetic 
nanomolecules (Fe3O4) 151 and even 97% of toxic VOCs (volatile organic compounds) from 
the atmosphere 72. Rarely are the potential consequences for flora, fauna and a human 
considered. We already know that air pollution absorbed from the atmosphere contributes to 
the growth, development and yielding of plants. They have a toxic influence on generative 
tissues and decrease the production of plant pollens; for example, herbicides commonly used 
for killing weeds inhibit the production of pollens in arable crop 36. 
Pollen grains are too large to get to the lower airways and the symptoms of allergic reaction 
depend on allergens emitted after the destruction of the pollen exine. It has been concluded 
that gas pollutants, found in PM, react with the hydrocarbons of the cell wall leading to the 
modification of its structure and changes in the shape of the pollen grain, which facilitates 
the release of allergenic proteins. Sometimes, under the influence of these changes, plants 
produce a greater number of grains but of smaller size. They can also penetrate the plant 
tissues and interfere with their physiological processes, the course of photosynthesis and the 
cell metabolic pathway. They induce some damage to cells and mutations. For example, 
upon penetrating the cell, SO2 can react with water and become sulfuric acid, which inhibits 
the process of photosynthesis and damages cells 115.  
Pollen allergens can remain in the air for as long as for a few weeks and join many 
pollutants. The presence of aeroallergens/air pollutants interactions appears to increase the 
morbidity from aeroallergens, but immunomodulation mechanisms are not clear. It is 
possible that allergens interact with environmental pollutants to increase their interactive 
effects(figure 3).Microscopic analysis showed that in a polluted environment, the exine 
(outer layer of the pollen) thinner, distorted and more susceptible to breaks, which favours 
the emission of allergens 26. Also allergens emitted from pollen grains can change their 
properties under the influence of chemical substances 115. It was confirmed that O3 
induces changes in intracellular signal transduction, which leads to changes in gene 
expression and changes in the structure of allergen proteins. Air pollution might also induce 
post-translational modifications of allergenic proteins. Chehregani et al. 25 confrimed that 
after 5 to 10 days' exposure to Diesel’s particles (DEP) there was an increase in allergenic 
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potential of Lilium martagon pollen grains; immunoblotting subsequently confirmed the 
existence of modified or new protein (35 kD), which reacted with IgE antibodies of 
sensitized animals.Bommel at al. 18stated that pyrene – an important component of DEP 
can aggravate an allergy by the induction of IL4 production. Exposure of human nasal 
epithelium to DEP and allergens (in vivo) contributed to a decrease in the IFNand an 
increase in Th2 cytokines 135. DEP particles can also act as allergic carriers, which intensify 
the presentation process by antigen presenting cells (APC) 66. DEP particles can also 
induce epigenetic changes and in that way stimulate Th2 response, as confirmed by in vivo 
research 93. The destruction of the exine by environmental toxins favours the release of  
 
Fig. 3. Greater allergenicity of pollen allergens, collected from polluted areas, would be 
determined by chemical reactions between pollutants and pollen extracts and nonspecific 
modulation of synthesis machinery for many proteins, lipids and enzymes in response to 
environmental stress. Adopted from: Risse U, Tomczok J, Huss-Marp J, Darsow U, at al. 
Health- related interaction between airborne particulate matter and aeroallergens (pollen). 
Journal of Aerosol Sci. 2000;31, Suppl.:27-28.  
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phytoprostanes (lipophylic counterparts of prostaglandins) from pollen grains. The 
phytoprostanes are highly water soluble; they can get to the lower airways and inhibit the 
production of IL12 by dendritic cells, thus favouring Th2 response 31. 
Many scientists point out the effect of pollution on climate warming, intense expansion of 
thermophilic plant species and readier exposure to their allergens, e.g. ambrosia allergens 
152. It is true that in some countries climatic warming lengthens the flowering season, 
contributes to the increase in the number of pollen grains, synthesis of modified proteins 
and allergenicity of some of the proteins. Strong winds resulting from weather anomalies 
transport pollens and their allergens. Together with toxins, which react with pollens and 
allergens, they cover long distances.  
In their studies, Eckl-Dorna et al 38 showed that increased concentration of ozone 
contributes to the increase in the number of allergens of rye pollen from groups 1, 5, 6 as 
well as panallergens such as profilins. However, according to other studies, some air toxins 
can reduce the level of allergens. The exposure of grass pollen to an increased level of many 
toxins simultaneously, e.g. NO2+O3 or NO2+SO2 induced the decrease in levels of typical 
allergens; Phl p1b, Phl p4, Phl p5, Phl p6 and Phl p13, detected with an immunoblotting 
method and specific IgE antibodies of sensitized rats. The decrease in the levels of these 
allergens, according to the authors, might have resulted from mechanical or post-
translational modifications of these proteins, under the influence of pollutants. It was 
difficult to detect them since the test highly sensitive and specific. There are plans to carry 
out further studies with the use of spectrometric methods which should make it easy to 
describe possible molecular changes in the epitopes of pollen allergens.  
The existence of pollen grains in the atmosphere is based on the regular cycle of 
vegetation and flowering. The exposure to plant pollen fungal spores depends on many 
factors, among others, geographical latitude, global and local air circulation, weather 
factors, the level of urbanization of the environment and air pollutants. Numerous 
parameters characterizing climate warming, perceivable in many regions all over the 
world, influence the course of phenology and pollen distribution. Direct factors, such as 
temperature and precipitationas, well as more extreme weather phenomena, either induce 
the production of pollen or reduce it.  
The indirect effects of higher temperature include the early blooming of trees, transport of 
pollen over a long distance and modification of flora (including the expansion of 
thermophilic taxons ofplants such as ambrosia). In many centres which carry out long-term 
agrobiological and phenological studies, earlier and longer flowering seasons of allergenic 
plants have been observed. Biological observations performed by Ariano et al. 9 in Italy for 
27 years showed a 25% increase in the level of pollen as well as an increase in the length of 
pollen seasonsParietaria (=85 days), olive (=18 days) and cypress (=18 days). It was 
shownthat intensive exposure to pollen allergens contributed to the increase in the 
incidence of allergic episodes in people sensitized to pollen allergy in comparison to mite 
allergens. Kosisky et al 81 published the results of their twelve-year observations from 
Washington. They stated that although the level of pollens measured globally did not 
increase, the number of days with higher pollen counts did: by about 258% for grasses and 
by almost 12% for trees. Studies conducted in Switzerland over 21 years, gathered by Clot 
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28 showed no particular changes in the pollen level. It should be pointed out that intensive 
production of pollen by plants can depend on many other factors, such as artificial fertilizers 
in the environment, an increase in the size of rural areas because of not cultivating arable 
land, development of soil erosion and desertification 112.  
Apart from plant pollen levels, aeroallergens are also the subject of studies. Singer et al 123 
showed a dangerous increase in allergen content in ambrosia pollen grains under the 
influence of increased concentrations of greenhouse gases. The response to the raised 
amount of CO2 was a raised level of the most important allergen of that taxon, Amb a1, 
despite the fact the number ofambrosia pollen grains produced did not increase 21. The 
results of a study performed in London showed the effect of allergen activity and air 
pollution (<PM 10) synergy can be spectacular; asthma was aggravated as a result of a 25% 
increase in IgE levels in the serum of patients sensitized to grass or tree pollen 50. Air 
pollutants induce adjuvant effects which favour inflammatory processes, immunization and 
aggravation of asthma and allergy. Many studies highlight a positive relationship between 
the number of hospitalizations, high level of plant pollen and exceeding the maximum 
concentration of air chemical pollutants, especially SO2and PM particles. 
2.10 Environmental pollution and pathogenesis-related proteins (PR) 
It was confirmed that in unfavourable environmental conditions such as a pest invasion, the 
presence of microorganisms and fungal spores, exposure to fertilizers, air pollution caused 
by ozone, ultraviolet rays, phytohormones, pesticides, artificial fertilizers, the growth of 
temperature, plant cells synthesize pathogenesis-related proteins (PR), which are very often 
allergenic for humans. Interestingly, about 25% of the described plant allergens gathered in 
the database of International Union of Immunological Societies (IUIS), are (pathogenesis-
related (PR) proteins. The mechanisms of their synthesis are still unknown. PR proteins, 
including, among others, isoflavone reductases and plant antibiotics, are numerous and 
usually belong to various families. The most common PR proteins have been classified into 
17 families, marked PR1 – PR 17 according to taxonomic classification, molecular sequence, 
biochemical and functional characteristic as well as the response generated by the human 
immune system 137,138.  
Many PR proteins have a high allergenic potential and great cross-reactivity. For example, 
PR-3 is a chitinase, the synthesis of which is an common reaction of plants to heavy metals, 
and the expression of Cup a 3, a PR-5 cypress allergen, is significantly higher in the pollen of 
plants grown in polluted areas 127. PR proteins from group10 include ribonucleases and 
proteins similar to the main allergen of birch pollen: Bet v 1 and e.g. hazelnuts: Cor a 1 124. 
The enhanced synthesis of PR in plant cells and pollen contributes to a growing number of 
allergic reactions, including dangerous oral allergy syndrome (OAS) and even 
analyphylactic reactions. In sensitized patients suffering from pollen-food allergy syndrome, 
the first syndrome is allergy to inhalant allergens 19, especially in the city environment.  
Interestingly, until recently, pollen grains have been considered simple, even primitive 
structures, dependent on vegetative organs of plants and inactive in a metabolic sense. 
However, thanks to the analysis of the pollen genome and the profile expression of 
particular genes, it has been possible to have a greater insight into the unusual 
transcriptional dynamics of pollen. It was concluded that while ripe pollen is relatively 
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resistant to air pollution in dry air, an increase in humidity triggers a cascade of reactions 
resulting in activation of highly dynamic metabolic processes, as well as a rapid increase in 
the process of gene transcription, synthesis of new compounds and conformational 
modifications of the existing proteins. A classification of transcripts carried out with 
bioinformatical analysis (DNA-ChipAnalyzer, GeneChip ® Array Genome) has made it 
possible to identify more than 51,000 compounds, many of which have been classified as PR 
proteins. In various stages of pollen life, i.e. starting with its creation, then development and 
germination of pollen tube, there are many changes in gene profiles and expression which 
take place and which depend on external factors and the toxins present 91. It can be 
concluded that plant pollen should be treated as an aerobiological index for atmospheric 
pollution.  
3. Allergens of fungal spores and pollution 
Fungal spores are important elements of bioaerosols. Continual climate warming, 
demonstrated by an increase in temperature, precipitation and floods, causes increased 
exposure to fungal spores, both in the internal and external environment. Fungal spores 
have a many-faceted influence; they can induce mycosis, and the proteolytic enzymes and 
toxic products of metabolism known as called mycotoxins can damage epithelial protective 
barriers and have pro-inflammatory cancerogenous properties. ǃ-glucans of fungal spores 
have adjuvant effects which indirectly favour the development of allergies by activating Th2 
lymphocytes 67. 
Exposure to fungal spores and plant pollen is measured by the volumetric method: 
measuring the number of spores per 1m3. Another method involves measuring the level of 
fungal products e.g. 1 – 3 ǃ-glucans, which can demonstrate pro-inflammatory properties, 
both in atopic and non-atopic patients. According to Becker et al 12 the incidence of 
allergies to fungal spores (unlike to pollen allergens) can be underestimated due to lack of 
proper standardization of commercial extracts of some fungi such as Aspergillus or 
Penicillium. The spores of widely known fungi such as Cladosporium, Penicillium, 
Aspergillus, Helminthosporium and many other species are considered pollutants and 
infectious factors, as well as important risk factors for the development and aggravation of 
allergies and asthma. Studies carried out in the north of Poland indicated a minor influence 
of air pollution on the number of Alternaria and Cladosporium spores in 1m3 51. Some 
other studies have shown that pollutants can cause an increase in virulence of fungal spores. 
It has been confirmed that pollution induces the increase in the synthesis of melatonin in the 
conidia of Aspergillus fumigatus fungi, which leads to aggregation and makes them more 
resistant to lysis after being phagocitized by macrophages. The melatonin of mould spores 
can also contribute to the increase in virulence by not inhibiting apoptosis in macrophages 
which phagocitosethe conidia of fungal spores. It also increases their resistance to 
ultraviolet rays 139. 
Research on Aspergillus fumigatus showed demonstrated the possibility of activating a 
dozen or so mechanisms of cell signalling, mainly mitogen-activated protein kinase 
(MAPK). It was concluded that, like in plants, environmental factors activated the genes 
responsible for the synthesis of PR proteins, enzyme modification and synthesis of pigment 
which intensified the virulence of fungal spores, induced inflammatory processes and killed 
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experimental animals 1. Studies carried out inpolluted areas in Asia indicated that 
increases in air temperature, wind speed, rainfall and pollutants (e.g. solid particles – 
aerodynamic diameter ≤10 μm (PM10) and carbohydrates) increased the number of fungal 
spores in the atmosphere 24.People who suffer from low resistance to fungal spores can 
develop serious infections such as Aspergillosis. It was stated that the exposure of the 
respiratory system to Aspergillus fumigatus spores can stimulate the production of IFN-Ǆ 
by specific Th1 (CD4+) lymphocytesor Th2 (CD4+) cytokines, thus favouring allergies, 
depending on the phenotype of experimental animals 117,84. 
The studies showed that the conidia of Cladosporium spp., Stachybotrys spp. and 
Aspergillus niger are considerably resistant to the activity of pollution, also with ozone 
80.Only high levels of ozone (which increase in cities when the temperature is >30 °C 
and humidity is low 40%) can inhibit the development of fungal spores e.g. 
Cladosporium spp 39,141. 
3.1 Fungal spores can be considered serious air pollutants 
It was concluded that the exposure to Aspergillus fumigatus and allergens of house-dust 
mites favours the development of asthma and the allergic inflammation of the respiratory 
tract. It thus enhances the activation of congenital and acquired immunological response. 
Fukahori et al. 47showed that a strong reaction of dendritic cells to a simultaneous 
exposure to fungal spores and Der f1 might result from the activation of TLR2 receptors by 
the ǃ-D glucan of the fungal spores, which in turn, leads to a synergetic activation of 
dendritic cells by mite allergens. Stimulation or blocking of TLR receptors as well as 
increases in IL-10 and IL-23 can change the balance of Th1/Th2/Th17/Treg and their 
influence on the course of allergic reactions. Recently Liu et al 93 presented the results of 
the exposure of Th2 lymphocytes in mice sensitized to Aspergillus fumigatus allergens and 
DEP particles. During in vitro studies they noticed epigenetic changes which involved 
hypermethylation of IL4 and IFNǄ gene promoters, which led to polarization of Th 
lymphocytes toward Th2. Methylation of both the gene promoters was correlated with an 
increase in IgE level, which might imply that proteins of fungal spores, like air pollutants, 
can play a role in the pathogenesis of asthma and allergy through epigenetic mechanisms. 
4. The environmental pollution and the oxidative stress  
4.1 Pathways of toxin penetration. 
Particles of dust and toxins are mostly absorbed by the lungs but also by the skin and 
alimentary tract and even by the placenta, which has a negative influence on a foetus. 
4.2 Exposure to toxins of respiratory epithelium. 
Human lungs constitute an area of 100 -140 m2 , they are strongly vascularized and are 
constantly exposed to infectious factors and environmental pollution. Healthy lungs absorb 
air at the rate of 14 breaths per minute, which equals about 10 litres per minute and about 
10,000 – 15,000 litres per day. Inhaled air, before it gets to the lowest located parts of lungs, 
is partly filtered and climatized. The mucous membrane in the nose prevents the largest 
polluted particles from getting inside the body. In order to cleanse themselves, lungs use 
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their cilia, which expel polluted mucosa at 16 beats per second. The respiratory epithelium is 
a protective barrier which actively protects the body and, if needed, activates the cells of the 
immunological system. Proteins such as filaggrin, loricrin and involucrin play an important 
role in reinforcing the epithelium against attack. They make it stronger and more resistant to 
invasion of microorganisms, allergens and chemical compounds. It was concluded that both 
epigenetic changes in genes caused by environmental pollution and cytokines of Th2 
lymphocytes e.g. IL 4, IL13, TNF-ǂ inhibit the production of filaggrin and other proteins, 
which might favour immunization, development of atopic dermatitis, allergy and asthma 
due to increased epithelial permeability 76,102. In sensitive people, air pollutants, 
including allergens, can be bound by proteins and lipids of the epithelial cell membrane and 
thanks to them, can penetrate the inside of the cell.  
Epithelial cells can initiate various protective initiatives against air pollution. One example 
might be the activation of numerous genes (300 – 550). The activation usually leads to the 
growth of the synthesis of pro-inflammatory cytokines and activation of cells which 
phagocytose many fractions of dust, allergens and bacteria 101,10. Studies show that 
exposure to pollution induces cell stress. This, in turn, activates very complicated mechanisms 
adjusted to particular situations through increased expression of particular transcriptional 
factors, the synthesis of protein (e.g. SKN-1/Nrf) and the activity of proteasome in utilizing 
unneeded particles. These processes facilitate the maintenance of homeostasis of cells and 
protects them against activation of neoplastic processes and autoaggression 92.  
In high levels of pollution and environmental toxins, these natural mechanisms are 
insufficient. It has been confirmed that the amount of PM particle fractions which penetrate 
the lungs depends not only on the size of the inhaled particles but also on the ability of the 
organism to cleanse and detoxify itself, which is genetically determined. However, in people 
who are exposed to nicotine smoke for a long time, neither detoxifying enzymes nor 
antioxidative protective mechanisms function properly, which favours bronchial 
hyperreactivity, asthma and lung-remodelling process.  
Figure 4 shows the relative sizes of inhaled particle, patterns of their airway deposition and 
main health effects of air pollution. 
4.3 The environmental pollution and the oxidative stress. 
Each organism is constantly exposed to both endogenic and exogenic oxidizing compounds. 
Endogenous free radicals – reactive oxygen species (ROS), such as: O2– , OH*, H2O2 and 
nitrogen - reactive nitrogen species (RNS), e.g. NO*, ONOO– are constant products of 
chemical reactions associated with respiration and processes within cells such as activated 
phagocytes and eosinophils active in allergic processes, and are considered the main source 
of ROS. In physiological conditions, free radicals pose no threat because of natural 
enzymatic and nonenzymatic protective systems of an anti-oxidative character 99. 
Exogenous free radicals are neutralized mainly in the mitochondria of lung epithelial cells. 
The key antioxidant is glutathione. The synthesis of protective compounds in relation to 
ROS is stimulated among others by the activation of transcription factors, e.g. Nrf2, which 
leads to the activation of proteases and antioxidants and modulates inflammation by the 
inhibition of the NF-B pathway. The activation of the Nrf2 metabolic pathway is important 
in the prevention of many inflammatory diseases, neurodegenerative diseases, diabetes, 
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pulmonary fibrosis and neoplasms, additionally, Nrf2 overexpression in neoplastic cells 
protects the cells against the cytotoxic activity of antineoplastic drugs 126. The activation of 
Nrf2 might ameliorate the degree of lung impairment caused by nicotine smoke 130. 
 
Fig. 4. Relative sizes of inhaled particle, patterns of their airway deposition and main health 
effects of air pollution. PM - particulate matter, UFP-ultrafine particles (particles <100 nm). 
Adopted from: Chang C.  The immune effects of naturally occurring and synthetic 
nanoparticles. Journal of Autoimmunity. 2010;34:234-246. 
4.4 The oxidative stress and the cascade of inflammatory effects induced by  
polluted air 
The hierarchical model of oxidative stress presented in figure 2 shows the negative effects of 
the exposure to environmental pollution. 
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Level 0: Preventing the production of free radicals. 
A lot of enzymes prevent the development of chain reactions leading to appearance of free 
radicals, e.g. glutathione peroxidase. 
Level 1: Antioxidative cell protection. 
The first stage of protection includes binding free radicals and breaking the cascade reaction. 
Here antioxidative enzymes and metalloproteins, i.e. proteins which bind ions containing 
copper and iron, are active. The second stage of protection includes ROS “scavengers”: 
flavonoids, vitamin A, vitamin C, bilirubin, uric acid and glutathione. Relatively mild 
oxidative stress stimulates cell structures mainly through Nrf2 nuclear transcription factor 
for transmission signals for the expression of proper genes, production and activation of a 
numerous group of antioxidants.  
Level 2: Inflammation. 
If protective mechanisms turn out to be insufficient in neutralizing the excessive number of 
free radicals, it is difficult to maintain homeostasis. Moreover, an increase in the cascade 
expression of many pro-inflammatory genes for cytokines, chemokines, adhesive molecules 
and the heat-shock proteins active in inflammatory processes 71. The activity of NF-B 
transcription factor inhibits Nrf2, which decreases the expression and gene transcription of 
antioxidants essential in detoxification. The disturbance of the proper function of Nrf2 genes 
can also impair antigen presentation in the mechanisms of major histocompability complex 
class II, which makes the body more susceptible to both allergic and infectious diseases 
144.It has also been confirmed that the exposure of a mouse with Nrf2−/− to DEP particles, 
even to small doses , leads to an increase in bronchial hyperreactivity and oesinophilic 
inflammation of the respiratory system 87. 
Level 3: Damage to mitochondria, cell apoptosis. 
The third level of oxidative stress which is impossible to neutralize by protective 
mechanisms breaks the protective system. Great stress induces changes to Ca2+ ion 
concentrations, permeability of mitochondrial membrane and disturbances of mitochondrial 
functions. It contributes to energetic insufficiency of epithelial cells and the release of factors 
leading to apoptosis. Such processes are induced especially by PM particles and ultra small 
dust particles (UPF<0.1 m) collected in urbanized city areas as they are characterized by a 
higher potential for ROS induction in cells than PM10 and PM2,5 particles 88.It is worth 
mentioning that apoptosis protects the body against the development of neoplasms, 
especially in the polluted environment.  
4.5 Reactive oxygen species (ROS) and bronchial asthma 
Excessive exposure to environmental pollution leads tothe development of unnecessary 
ROS and RNS species. They attack cell membranes, disturb their electric potential and 
proper function of ion pumps. Oxidized cholesterol favours the development of 
atherosclerotic plaque. Overactive pro-oxidative processes might induce imbalances and 
induce the oxidizing process. The synergy of endogenous and exogenousanti-oxidants, 
which might neutralize free radicals, plays a key role in the protection against the 
development of inflammation of the respiratory passage and aggravation of asthma. The 
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activation of the Nrf2 pathway is to a great extent, proof of adaptation to the natural 
environment and factors. The anti-oxidative activity of Nrf2 is reduced in patients with 
severe asthma 104. Children with severe asthma demonstrated posttranslational 
modifications of Nrf2 and impaired protection against free radicals. Thus, it was stated that 
”redox status” and the activity of Nrf2 can be invaluable in the assessment of asthma 
severity 43. 
5. The role of aryl hydrocarbon receptor (AHR) in immunotoxicity 
AhRs are considered the most important receptors in the detoxification and discharge of 
toxinsand are represented by a few proteins, including Hsp90 (heat-shock proteins). They 
are present in the cell cytosol and naturally activated by bilirubin, arachidonic acid, 
eicosanoids such as prostaglandins, leukotriens, metabolites and some natural compounds 
present in food (tryptophan derivatives, diet carotenoids). It was discovered that AhRs are 
activated by over 400 exogenous compounds and that in turn, the activation of an AhR 
triggers the activation of cell transcription factors.  
The TCDD dioxin is one of the strongest AhR ligands as it can securely bind these receptors. 
Unfortunately, toxins accumulate in the body and, as the half-life for dioxins is between 7 
and 10 years, long-term AhR activation might be favoured with a consequential activation of 
genes encoding the enzymes metabolizing xenobiotics, which induces a chronic suppression 
of the immune system. Therefore TCDD is regarded as one of the most toxic and 
carcinogenic environmental toxins 56. The receptors, having bound to ligands, move to the 
nucleus, where they activate gene expression , especially those responsible for the synthesis 
of enzymes involved in the metabolism of toxins, such as superoxide dismutase, glutathione 
peroxidase and aromatic hydrocarbons hydroxylase (from cytochrome P450 group).  
Binding an AhR to a toxin leads first of all, to the development of toxic metabolites. 
Secondly, it induces changes to gene transcription. Researchers observed stimulation of the 
transcription of cytokine IL-17, which leads to the recruitment and differentiation of 
neutrophils, and IL-22, which is essential in the synthesis of defensins necessary in 
antibacterial immunity. An excess of IL-17 can disturb the balance of Th1/Th2 as well as the 
balance of Th17/Treg and, consequently, contribute to intensive development of 
inflammation, autoimmune and neoplastic diseases 150. Exposure to TCDD increases risk 
of the development of granulocytic leukemia by up to 400%. The onset of the disease might 
happen even 15 years later 14. An excessive amount of toxins might bind to DNA, RNA as 
well as cell proteins and induce a number of pathologies 54,68,143.
6. Dysfunctions of immune system in the polluted environment 
Environmental pollution might cause immunomodulation and the immunosuppression of 
immune response 128, demonstrating insufficient anti-infectious and anticancer immunity 
57; they may also concern hypersensitivity, including allergy 15 or autoaggression 
42.Research findings indicate that even short-term exposure to toxins in the air can lead to 
an increase in the incidence ofdisease and death. It has been estimated that in Canada, air 
pollution contributed to about 8% of deaths in 2004 and as many as 10% in 2008 3 The 
reaction to chemical agents present in the surroundings varies based on the individual. 
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Genetic factors, age, sex, physical condition, medicines taken, activity of endogenic 
detoxifying enzymes, past diseases and various factors connected with lifestyle, dietary 
habits and other risks, such a place of living, exposure to nicotine smoke: they all 
determine different reactions to environmental chemical agents. Allergy and atopic 
asthma are also effects of interactions between genetic susceptibility and the polluted 
environment, which has a great influence on the development of atopic phenotype, 
especially during rapid development in the prenatal and postnatal period 58. Intensive 
exposure to allergens might have an impact on the development of tolerance. Yet, 
coexistence of toxins usually causes adjuvant activity. Early exposure to toxic substances, 
e.g. dioxins from nicotine smoke, PM particles, DEP, ozone might stimulate and preserve 
the Th2 atopic phenotype dominant in pregnancy. The process can be accompanied by 
suppression of Th1 cell proliferation. It might lead to the increased risk of the 
development of atopic asthma in children 96. 
6.1 The examples of pollutants influence on the immunological response 
6.1.1 Coal compounds 
Coal destroys ecosystems and pollutes the environment when it is transported, stored and 
burnt. Also storing waste has negative implications on the environment. The process of 
burning coal is considered the main cause of global warming as it is responsible for the 30 
% growth of CO2 and methane (CH4) in the atmosphere compared to the pre-industrial 
age 116. Toxic substances in waste and ash (e.g. chromium, cadmium, mercury, arsenic) 
can contaminate potable water and food, and volatile fractions of ash can emit radiation 
100,000 times stronger which nuclear power stations producing the same amount of 
energy. 
Health statusis the ability of the body to adapt to changeable surrounding conditions. 
However, stress induced by excessive exposure to exhaust fumes and environmental toxins 
is directly connected with the development of chronic inflammation of lower air passages 
and even leads to the increase in death rate. A memorable smog which happened in 
Belgium in 1930 106and in London in 1952, and a high level of SO2, which lasted for 5 days 
in the smog, killed thousands of inhabitants of the city. At that time, the energy source was 
coal.In Silesia, Poland, where coal was mined on a relatively high scale in Europe,the 
mortality rate for young men (until 1989) was about 40% higher than the average national 
mortality rate .Also in Germany between 1995 and 1998, researchers observed a higher 
mortality rate which was closely connected with air pollution 111. Sang et al. 121 
confirmed that an increased risk of hospitalization and death resulting from SO2 exposure 
might be connected with its influence on excessive activation of Cyclooxygenase-2 (COX-2) 
and prostaglandin PGE2, which leads, among other things, to the development of 
inflammatory state and even neurotoxic activity.  
Carbon monoxide (CO) appears as the result of exhaust fume emission, fires and volcanic 
eruptions. If coal is burned properly, the emitted fumes contain about 1% CO. a safe level 
for a human. In the case of insufficient oxygenation, fumes can contain as much as 30% CO. 
The compound formed by binding hemoglobin and CO is called carboxyhaemoglobin, and 
the process not only occurs 200 times more readily than in the case of oxygen, but the 
product is more durable. A thirty-minute exposure to 0.1% – 0.2 % CO leads to death. 
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6.1.2 Nitrogen compounds  
In the 20th century, the amount of nitrogen introduced to the cycle in the biosphere more 
than doubled and the process is still continuing. Nowadays, apart from pollutants 
characteristic of “the age of coal and steel” (mainly SO2 and PM) many other products of 
burning crude oil and its derivatives used in industry, as well as road and air transport 
exist. They have been emitted for more than 200 years and their level is constantly 
increasing. The transport sector is the second greatest source of CO2 emission in the EU; in 
the years 1990 – 2009, its emission increased by 20%. However, these fuels are not burnt 
completely and apart from CO2, ever more toxic volatile and reactive nitrogen species (RNS) 
known as NOx, O3, SVOC are being released into the atmosphere. It is estimated that transport 
is responsible for about 75%of the nitrogen oxide pollution . Apart from emitting pollutants, 
vehicles raise dust into the air , which might lead to greater bioavailability of allergens of plant 
pollen and fungal spores, as well as particles of latex from car tyres. As a result, there might be 
an increase in allergies to plant pollen, fungal spores as well as latex 116. 
The natural level of nitrogen oxide ranges from 0.1 to 9.4 g/m3. The WHO defines a 1-h 
limit value of 200μg NO2/m3 air, equivalent to 0.1ppm NO2. However, recent studies 
showed that thirty-minute exposure of nasal epithelial cellsin tissue culture to 0.1ppm 
NO2resulted in cytotoxicity and genotoxicity 78. NO2 levels ranging from 100 ppb to 400 
ppb may impair proper functioning of lungs and the level above 5ppm might lead to 
damage. 65In many industrial cities, the NO2 level is about 2 ppm 73. It was concluded that 
NO2 level in the air outside depends on population density and intensity of transport. 17  
Due to their poor water solubility, the site of toxicity of nitric oxides is the upper respiratory 
tract. Studies carried out on healthy volunteers demonstrated that a two-hour exposure to 
transport pollutants analyzed at an underground station in the centre of Stockholm (in peak 
hours) led to the increase in the expression of markers of Treg cells and activation of 
fibrinogen in the blood 119Jeng et al 69confirmed that a five-day constant exposure to 
PM 10 particles resulted in an increase in fibrinogen level and IL6 level (i.e. cytokines which 
stimulate B-lymphocyte differentiation to plasma cells and synthesis of antibodies). But for 
people with asthma, even a short exposure to transport pollutants might turn out to be 
hazardous. Sixty patients with asthma were naturally exposed to city pollution for two 
hours by walking along Oxford Street in London. The studies on short-term exposure to city 
exhaust fumes demonstrated that, despite the lack of subjective symptoms, forced vital 
capacity (FVC) and one second forced expiratory volume (FEV1) values were considerably 
reduced in comparison with the values gathered fromthe control group. Apart from those 
different values, an increase in marker level in sputum (such as mycloperoxidase marker - 
MPO) and a decrease in pH in respiratory passages were also observed 103. 
6.1.3 Particulate matters (PM) 
Particulate matters (PM) are emitted directly to the atmosphere (primary PM) or produced 
from gas precursors, e.g. SO2, NOx, NH3, VOCs (secondary PM). PM is represented by solid 
and liquid particles which can be of organic or inorganic character. It can be inhaled and 
accumulated in the lungs. Exhaust fume emission, burning fuels, refining processes and 
other kinds of environmental contamination contribute to the production of PM, which is 
usually classified on the basis of particle size. The following fractions are monitored most 
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frequently: PM10 (< 10m), PM2.5 (<2.5 m), PM0.5 (<500nm), PM0.1 (<100nm). PM10 are 
usually spherical, aerodynamic particles whose diameter is about 10m. The toxicity of PM 
depends mostly on the chemical composition of the particles. Exceeded level of PM is 
considered an air quality index in EU countries. In cities, fractions of particles are mostly 
<2.5 m, and over 80% of fractions have a diameter of <0.1 m. The new trend, however, 
sounds optimistic; between 1990 and 2008 emission of PM particles decreased in European 
countries on average by 21%, but slight increase in the fractions of PM 2.5 – 10 m was also 
observed 61. Study findings carried out in Łódź in the centre of Poland in 2009 showed the 
maximum daily amount of PM10 being exceeded 35 times 64.Research conducted in China 
and India indicates that the increase in PM10 level in city air by 10 g/m3contributed to an 
increase in mortality rate by 0.6% 27. 
PM2.5 might induce some extra disorders in the cardiovascular system. Very small particles 
coming from exhaust fumes can enter the bloodstream and reach distant organs such as the 
heart and kidneys. There is also the possibility of micro-injuries of endothelial cells 
appearing in blood vessels which might affect the activation of coagulation factors and 
impair autonomic regulation of heart rate, which in turn, may cause sudden death because 
of arrhythmia 44. 
The main cell lines involved in immunological response are epithelial cells, dendritic cells, 
Th lymphocytes, macrophages, neutrophils, mast cells, basophils and eosinophils. They 
protect the body's well-being but in a polluted environment, these cells can also get 
involved in the cascade of events leading to inflammation and various pathological forms. 
Many studies indicated that exposure to PM10 particles exacerbates symptoms in patients 
with asthma, contributes to increasedadministration of anti-asthmatic medications and 
frequent visits to emergency medical services 7. Particles appearing in city and industrial 
areas are especially dangerous. Studies on air aerosol gathered in Bejing, with a population 
of twelve million , indicated that over 99% of PM particles had a diameter smaller than 1m 
and the endotoxin level can reach a value of about 1250 pg/mg of aerosol. High 
immunomodulating, toxic and even mutagenic potential might be caused by the presence of 
many toxins and their easy deposition in lungs owing to very low weight 142. It was 
concluded that they can inhibit the synthesis of IFNǄ in human leukocytes of peripheral 
blood. As a result, the balance of the Th1/Th2 leukocyte population is disturbed. The 
dominant leukocytes are Th2 leukocytes which are responsible for the development of 
allergy. Simultaneously, anti-infectious and anti-neoplastic immunity gets reduced. 
Dockery et al 35 confirmed the relationship between PM2.5 in the air and death rate. 
Cohort studies conducted in 6 cities in the US showed that PM2.5 increase by about 
10g/m3 in a year entailed an increase in death rateranging from 10.9% to 20.8% 120. 
Rezentiti et al 114 concluded that transferring children living in cities to unpolluted 
rural areas contributes to quick and considerable improvement of aspects of their health 
state such as well-being, peak expiratory flow (PEF) and monitored inflammation 
indicators (the decrease in the number of oesinophils in nasal lavage and the level of 
nitrogen oxide in exhaled air). Studies performed in Bejing indicate that extremely small 
particles stimulate pulmonary oesinophilia and the activation of Th2 response, which 
might be connected with the presence of ǃ-glucan of fungal spores in inhaled urban 
particulate matter (UPM) 53. 
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6.1.4 Nanoparticles (ultrafine particles UFP) 
Nanoparticles (ultrafine particles UFP). They belong to a class of the smallest PM particles: 
<100 nm. Two types of nanoparticles are recognised: natural nanoparticles emitted in the 
process of incomplete burning by dieselengines, and synthetic ones (produced deliberately) 
which have medical applications (e.g. in antibacterial nanocoating), electronic engineering 
and other industries. Many scientists stress their exceptional ability to penetrate the deepest 
parts of lungs and the inside of the cell. Research performed with the use of an electron 
microscope confirms that nanoparticles can damage even the internal structures of 
mitochondria 89. They can easily get to the cardiovascular system and cause arrhythmia by 
changing cardiomyocyte contractility 145. It was concluded that they can have some pro-
inflammatory properties, raise blood pressure and favour atherosclerosis 8. During 
exposure to UFP, mononuclear cells are chemotactically activated. The exposure also 
induces the expression of pro-inflammatory genes in macrophages and endothelial cells and 
stimulates the synthesis of pro-inflammatory cytokines, e.g. IL1B, TNF, IL4 48. The 
particles act through congenital and acquired immunity mechanisms and influence the 
development of Th2-type allergic inflammation of the upper respiratory tract 75. As they 
are relatively large and light,they absorb many organic compounds, making them even 
more toxic. Li et al 90 statedthat chemical composition of UFP, emitted by high-pressure 
diesel engines in trucks, was different for different working cycles of the engines. UFP 
particles emitted by stationary trucks directly induced oxidative stress in human aorta 
endothelial cells, and UFP particles emitted while the truck was moving contained four 
times more metal ions (iron, chromium and nickel) and more intensively activated 
inflammatory processes such as the increase in the gene expression for IL-8 chemokines and 
monocyte chemoattractant protein -1 (MCP-1) as well as adhesive molecules.  
6.1.5 Diesel Exhaust Particles (DEP) – Toxin transporters 
Diesel Exhaust Particles (DEP) – toxin transporters. Exhaust fumes which appear in the 
process of combustion of fuel oil tend to aggregate into separate, spherical particles which 
have a diameter of 0.1-0.5m. The core of the DEPs are tiny specks of soot which are mixed 
in with hundreds of organic and inorganic substances. The influence of DEP particleson the 
immune system depends on the level of exposure, the particle diameter, their chemical 
composition, and their reactions with other chemical compounds, both organic and 
inorganic, including allergens and bacterial endotoxins. Experimental and epidemiological 
research shows that DEPsin city air have a more toxic action than those in a rural area. 
What's more, their effects can be reversible or irreversible, as manifested by various 
pathologies such as damage to epithelial cells, pulmonary emphysema, allergic asthma, 
cardiological disorders and even acute renal failure 107. Studies have addressed the many 
mechanisms responsible for adverse immunological DEP-induced response and have 
demonstrated that that epithelial cells in the respiratory system are the first to detect 
pollutants and react to them, as DEPs can diffuse through the cell membrane and bind to 
receptors in the cytoplasm. One of such receptors is the aryl hydrocarbon receptor (AhR). 
Internalization of DEPs to the inside of the cells activates numerous signalling pathways 
which induce, inter alia, the synthesis of granulocyte-macrophage colony stimulating factor 
(GM-CSF) in the respiratory tract. This is essential in asthma pathogenesis as inducing the 
differentiation process of hematopoietic cells into precursors of granulocyte, macrophage 
and eosinophil lines favours proinflammatory changes in lungs. Having been exposed to 
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DEPs , the epithelium releases a number of mediators which have chemotactic properties 
and influence dendritic cells. These, in turn, activate naive T lymphocytes, which causes a 
proliferation of their clones in various effector lines. Of the examined air pollutants, DEPs from 
city areas are considered most allergenic 148.A body of research shows that exposure of 
dendritic cells to PM particles stimulates Th to produce IL13 and IL1 and inhibits IFNǄ. DEP 
extracts induce oxidative stress in bone marrow dendritic cells, which causes disturbances in 
the production of IL-12 cytokine, which plays a key role in the process of Th1 lymphocyte 
proliferation. Exposure in the early stage of life may be critical for the stability of the Th2 
phenotype. As research demonstrates, DEP-induced oxidative stress contributes to the 
activation of Th lymphocytes, induction of Th2 cytokine and sIgE synthesis as well as the 
proliferation of eosinophils, release of inflammatory mediators, and goblet cell hyperplasia. 
Nasal administration of DEP solution performed in healthy non-smokers at a dose of 0.3 mg 
(daily corresponding dose in Los Angeles) induced an increase in IgE level in nasal lavage 34. 
Many experiments have confirmed that DEPs modify the immunological response in 
relation to allergens and induce immunological reactions in the respiratory tract, even in 
response to low levels and short exposures 94. They also stimulate increased expression of 
cell adhesion (ICAM1 and VICAM1), which might lead to thrombosis, acute ischemic stroke 
and an increase in cytokine levels, i.e. IL6 and IL10 as well as histamine and also the increase 
in the number of neutrophils and platelets 129. In patients with asthma, DEP exposure 
leads to the development of metacholine-induced bronchial hyperreactivity. It was 
confirmed that DEPs can weaken antibacterial immune functions. In animal experiments 
DEPsproved to inhibit the expression of major histocompability complex class II molecules 
which are on antigen presenting cells and inhibit the ability of bacterial antigen presentation 
32. They also inhibit the activation of T lymphocytes and the T-dependent immune 
response to the dangerous zoogenous bacteria Listeria monocytogenes. They also modulate 
IL10 synthesis, which acts as an inhibitory factor for immune response. In such conditions, 
bacteria living in phagocytes can easily proliferate 149. 
6.1.6 Policyclic aromatic hydrocarbons (PAHs) 
Policyclic aromatic hydrocarbons (PAHs) are benzene derivatives such as xylene, toluene, 
pyrene and benzpyrene. They penetrate cell membranes, accumulate in the lipids of various 
tissues, mainly in the liver and bone marrow. According to research , cigarette smoke is an 
important source of PAHs. PAH metabolites were traced in pregnant women living in city 
areas in Canada 108. They had strong immunosuppressive properties which, in 
experimental animals, were represented by pancytopaenia, inhibition of cell immunity and 
also humoral, i.e. IgA, IgE deficiency, in response to thymus-dependent and thymus-
independent antigens, deficiency of proteins of the complement system as well as the 
impairment of phagocytosis connected with blocking Fc receptors. Moreover, it was 
confirmed that PAHs influence human B lymphocytes and stimulate the effects of class 
switching of antibodies, which enhances IgE synthesis 132. Metabolites of these 
compounds are also hazardous as they are characterized by genotoxic properties 1,49. 
6.1.7 Dioxins 
Dioxins – a general name of more than 200 chemical compounds from the group of 
chlorinated hydrocarbons. They are built of two benzene rings connected with two oxygen 
www.intechopen.com
 Air Pollution – Monitoring, Modelling, Health and Control 
 
244
bridges. They are produced in the burning process of plastic products, the production of 
herbicides and disinfectants and while smoking cigarettes. In the air and soil they are not 
diluted with rainwater but they accumulate in the body in lipids. They are known as “the 
most toxic chemical compounds ever produced by man”. For example, dioxin TCDD – 
tetrachlorodibenzodioxin is known for its strong carcinogenic properties. Experiments on 
animals showed that dioxins demonstrate immunotoxic properties. The effects of TCDD 
exposure merit research as these compounds, even in low concentrations, demonstrate a 
wide spectrum of activities and are hence known as “environmental hormones”. Dioxins have 
been proven to decrease the expression of major histocompability complex class II and 
exposure to larger doses causes atrophy and suppression of the thymus – a place where T 
lymphocytes mature 134. When adsorbed,dioxins on PM particles reach the lungs they are 
phagocytized by pneumocytes – epithelial cells of the respiratory system. From there they 
are transported by blood to the liver where they bind to an AhR receptor. The exposure of 
animals even to minimal doses of TCDD (0.01lg/kg of body weight) caused a stable binding 
of the compound to the AhR receptor, which inhibited the proliferation of bone marrow 
stem cells and activated the immunosuppression 13. They can also bind to estrogen 
receptor (ER), which might disturb the activity of estrogens and other hormones, and also 
induces degradation of ER receptors 52. These toxins, depending on the size of the 
dose,have an impact on CD4+lymphocytes and stimulate their differentiation to T-helper as 
well as Th1, Th2 and Th17 effector lymphocytes. They also promote the development of 
suppressive Treg lymphocytes. 
Although cell proliferation is considered an irreversible process, it has recently been 
discovered that dioxins such as TCDD can inhibit the differentiation of B cells into plasmatic 
cells by changing the expression of transcription factors. Large doses of these dioxins can 
contribute to the change in programming completely differentiated plasmatic cells back to B 
lymphocytes. The effects of the change in programming mature B lymphocytes to the cells 
which have progenitor phenotype 16. It was stated that they might disturb proper 
functioning of steroids. They also play a role in the modulation and synthesis of many 
important cytokines, e. g. TNF, IL1, IL6, TGF, TGF and IL4 and the exposure to dioxins 
in a pre-natal period induces hazardous immunosuppression 85,131,23. Dioxins were 
proved to disregulate the expression of many genes, among others, in epithelial cells of the 
respiratory passage, which contributes to the occurrence of many genotoxic symptoms, such 
as production of unusual proteins, including ubiquitins, and these in turn, disturb 
transcription processes, favour autoimmunization and the development of neoplasms in 
fetuses of experimental animals 55,70,140. 
6.1.8 Ozone (O3) 
Ozone (O3) - is a form of oxygen with three atoms in a molecule. The ozone layer which 
spreads at the height 10 – 50 km from the ground positively contributes to thermal balance 
of the Earth and absorbs 99% of UV radiation, which has fateful implications for all living 
organisms, although the same wavelength is responsible for vitamin D production. O3, 
unlike other toxins, is a secondary pollutant, since it is produced from the hydrocarbons and 
nitrogen oxides of which air is composed with the use of natural sunlight. The half-life for 
tropospheric ozone is around 22 days 63. Ozone is a strong oxidizing, irritating and 
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bactericidal agent. The reaction of ozone with water molecules leads to its hydrolysis and 
the production of free radicals. Reactions of O3 with air pollutants change the chemical 
composition of smog. They enhance its irritating properties for the eyes, mucous membrane 
of the respiratory passage. 
Being a strong oxidant, ozone can react with many biomolecules inside and outside a cell. It 
disturbs the metabolism and photosynthesis of plants. It has a negative influence on the 
respiratory and alimentary systems and also on the skin. It was stated that ozone might 
have caused more than 20, 000 premature deathsand about 200 million episodes of 
respiratory failure within only one year 136. Many authors also stress that O3 and 
symptoms of allergy, asthma and chronic obstructive pulmonary disease (COPD) are closely 
related 33,46,77. The early exposure to ozone might favour the Th2 atopic phenotype, 
which leads to a more probable risk of the development of allergy and asthma in children. 
Kopp et al 79 conducted studies in which they monitored allergy symptoms in 170 
children. They concluded that the symptoms were aggravated as the ozone level rose, 
however, after some time, the symptoms became more stable despite the ozone level 
remaining relatively high. The researchers showed that frequent inhalations with 0.5 ppm of 
ozone and house dust mite (HDM) carried out for six months in young atopic monkeys 
induced the amplification of immune response , the increase in IgE levels, oesinophilia, 
changes in the respiratory tract, an increase in bronchial hyperreactivity and histamine level 
in serum. Inhalations performed exclusively with ozone lead to the increase in histamine 
level in serum, probably on the IgE-independent way 122. According to Peden et al 109 
ozone induces pro-inflammatory effects with accompanying mechanisms not examined well 
yet (in comparison to other air pollutants) in which monocytes and macrophages take part. 
Ozone was also confirmed to increase P substances in the respiratory tract 82. 
7. Epigenetic changes and environmental pollution 
Epigenetic modifications are considered a bridge connecting the genotype and phenotype of 
living organisms. Air pollutants can contribute to many epigenetic changes, by changes to 
gene expression, e.g. by DNA methylation and changes to histone structure. They also 
might facilitate the transcription activation of promoters and modification of RNA segments 
or make these processes difficult to occur. The dynamics of epigenetic modifications are 
varied 6. It is believed that some genes may become activated only if they are affected by 
environmental exposure, for example to nicotine smoke, as well as by PAHs which induce 
chromosome aberrations and oncogenic mutations. 110. It can be concluded that epigenetic 
changes induced by the polluted environment play a key role in the development of asthma 
and allergic diseases. They can modify transcription of genes connected with immune 
reactions, induce pro-inflammatory response and simultaneously cause remission or 
aggravation of the disease and even control the effectiveness of pharmacological treatment 
11,83. These changes are usually reversible but they can also be hereditary. Research is 
being performed on epigenetic biomarkers essential in the early stage of life and their role in 
the development of asthma and allergy in later life, as well as the relationship between the 
findings of clinical observations made during exposure to pollutants and gene expression 
for many important factors, e.g. Treg cells.  
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8. Conclusions 
A polluted atmosphere is only one of many examples of destruction of the natural 
environment. There is sizeable body of evidence confirming the considerable anthropogenic 
influence that exists on air composition and even the climate on the Earth. These human 
activities influence all forms of life, including the life of man himself. Our immune system 
stays alert and strives to minimize the risk of exposure to hazardous level of air pollutants 
which might posses synergistic and antagonistic properties. The degree of sensitivity to air 
pollutants is different for each individual. It depends on age, health condition and genetic 
factors. It is therefore difficult to determine the maximum levels of environmental toxins. 
We are ever more aware of the source of the problems of environmental pollution. 
Nevertheless, it is difficult to solve them. Reasonable pro-health education seems to 
contribute considerably to the improvement of air quality and the condition of the natural 
environment. The mentioned problems should be solved on a world scale. 
9. Acknowledgments 
We thank Dorota Wawrzyniak for translation of manuscript and Agnieszka Wojciechowska 
for all pictures. We are also grateful for the time and efforts of Edward Lowczowski in 
reviewing this manuscript. 
10. References 
[1] Abad A, Fernández-Molina JV, Bikandi J, et al. What makes Aspergillus fumigatus a 
successful pathogen? Genes and molecules involved in invasive aspergillosis. Rev 
Iberoam Micol. 2010 27:155-82.  
[2] Abbas I, Garcon G, Saint-Georges F, et al. Polyciclic aromatic hydrocarbons within air 
borne particulate matter (PM (2.5) produced DNA bulky stable adducts in a human 
lung cell coulture model.  
[3] Abelsohn A, Stieb DM. Health effects of outdoor air pollution: Approach to counseling 
patients using the Air Quality Health Index. Can Fam Physician. 2011 57:881-7. 
[4] Ahire KC, Kapadnis BP, Kulkarni GJ et al. Biodegradation of tributyl phosphate by novel 
bacteria isolated from enrichment cultures. Biodegradation. 2011. DOI 
10.1007/s10532-011-9496-7. 
[5] Allard-Coutu A, Martin J, Shalaby K. Inhaled pollen-induced airways disease depends 
on oxidative stress but not Toll-like receptor 4. American Thoracic Society 
International Conference.2011; abstract. https://mysts2011.zerista.com. 
[6] Alvarez R, Altucci L, Gronemeyer H, de Lera AR. Epigenetic multiple modulators. Curr 
Top Med Chem. 2011. PMID:22039877.  
[7] Andreson HR, Ponce de Leon A, Bland JM, et al. Air pollution, pollens, and daily 
admission for asthma in London 1987-92. Thorax 1998;53:842-848. 
[8] Araujo JA, Barajas B, Kleinman M, et al. Ambient particulate pollutants in the ultrafine 
range promote early atherosclerosis and systemic oxidative stress. Circ Res. 
2008;102:589–596. 
[9] Ariano R, Canonica GW,  Passalacqua G. Possible role of climate changes in variations in 
pollen seasons and allergic sensitizations during 27 years. Annals of Allergy, 
Asthma & Immunology. 2010; 104: 215-222. 
www.intechopen.com
 Allergens, Air Pollutants and Immune System Function in the Era of Global Warming 
 
247
[10] Ather JL, Alcorn JF, Brown et all. Distinct functions of airway epithelial nuclear factor-
kappaB activity regulate nitrogen dioxide-induced acute lung injury. Am J Respir 
Cell Mol Biol. 2010;43:443-51. 
[11] Bastonini E, Verdone L, Morrone S, et al. Transcriptional modulation of a human 
monocytic cell line exposed to PM(10) from an urban area. Environ Res. 
2011;111:765-74.  
[12] Becker WM, Vogel L, Vieths S. Standardization of allergen extracts for immunotherapy: 
where do we stand? Curr Opin Allergy Clin Immunol 2006;6:470-5. 
[13] Bemis JC, Alejandro NF, Nazarenko DA, et al. TCDD-induced alterations in gene 
expression profiles of the developing mouse paw do not influence morphological 
differentiation of this potential target tissue. Toxicol Sci. 2007;95:240-248. 
[14] Bertazzi PA, Consonni D, Bachetti S, et al. Health effects of dioxin exposure: a 20-year 
mortality study. Am J Epidemiol. 2001;153:1031-1044. 
[15] Bezemer GF, Bauer SM, Oberdörster G, et al. Activation of pulmonary dendritic cells 
and Th2-type inflammatory responses on instillation of engineered, environmental 
diesel emission source or ambient air pollutant particles in vivo. J Innate Immun. 
2011;3:150-66. 
[16] Bhattacharya S, Conolly RB, Kaminski NE,et al. A bistable switch underlying B-cell 
differentiation and its disruption by the environmental contaminant 2,3,7,8-
Tetrachlorodibenzo-p-dioxin.Toxicol. Sci. 2010;1:86-97.  
[17] Blomberg A, Krishna MT, Bocchino V, et al. The inflammatory effects of 2 ppm NO2 on 
the airways of healthy subjects. Am. J. Respir. Crit. Care Med.1997;156:418–424. 
[18] Bömmel H, Min Li-Weber M,Serfling E et al. The environmental pollutant pyrene 
induces the production of IL-4. The Journal of Allergy and Clinical Immunology. 
2000; 105:796-802.  
[19] Breiteneder H, Ebner C. Molecular and biochemical classification of plant-derived food 
allergens. J Allergy Clin Immunol. 2000;106:27-36. 
[20] Brondz I, Brondz A. Suppression of immunity by some pesticides, xenobiotics, and 
industrial chemicals. In vitro model.Journal of Biophysical Chemistry. 2011; 2, 
doi:10.4236/jbpc.2011.23028. 
[21] Burney PGJ, Newson R B, Burrows M S, et al. The effects of allergens in outdoor air on 
both atopic and nonatopic subjects with airway disease. Allergy 63, 2008:542-546. 
[22] Butz AM, Matsui EC, Breysse P, et al. A randomized trial of air cleaners and a health 
coach to improve indoor air quality for inner-city children with asthma and 
secondhand smoke exposure. Arch Pediatr Adolesc Med, 2011;165:741-748. 
[23] Całkosiński I, Stańda M,Borodulin – Nadzieja L, et all. The Influence of 
2,3,7,8−Tetrachlorodibenzo− p−Dioxin on Changes of Parenchymal Organs 
Structure and Oestradiol and Cholesterol Concentration in Female Rats. Adv Clin 
Exp Med. 2005;14: 211-215.  
[24] Chao HJ, Chan CC, Rao CY, et al. The effects of transported Asian dust on the 
composition and concentration of ambient fungi in Taiwan. Int J Biometeorol. 2011; 
PMID:21328007. 
[25] Chehregani A, Kouhkan F. Diesel exhaust particles and allergenicity of pollen grains of 
Lilium martagon. Ecotoxicology and Environmental Safety. 2008;69:568-573. 
www.intechopen.com
 Air Pollution – Monitoring, Modelling, Health and Control 
 
248
[26] Chehregani A, Majde A, Mostafa Moin M, et al. Increasing allergy potency of Zinnia 
pollen grains in polluted areas. Ecotoxicology and Environmental Safety. 
2004;58:267-272.  
[27] Chung KF, Zhang J, Zhong N. Respirology. Outdoor air pollution and respiratory 
health in Asia. Respirology.2011;16: 1023–1026.  
[28] Clot B, Trends in airborne pollen: an overview of 21 years of data in Neuchâtel 
(Switzerland). Aerobiologia. 2003;19:227–234. 
[29] Colliar L, Sturm A, Leaver MJ. Tributyltin is a potent inhibitor of piscine peroxisome 
proliferator-activated receptor ǂ and ǃ. Comp Biochem Physiol C Toxicol 
Pharmacol. 2011;153:168-73. 
[30] Corsini E, Oukka M, Pieters R, et all. Alterations in regulatory T-cells: Rediscovered 
pathways in immunotoxicology. J Immunotoxicol. 2011; PMID: 21848365. 
[31] Deifl S, Bohle B. Factors influencing the allergenicity and adjuvanticity of allergens. 
Immunotherapy. 2011;3: 881-893.  
[32] Devalia JI, Bayram H, Abdelaziz M, et al. Differences beetween cytokine release from 
bronchial epitelial cells of asthmaic patients and non-asthmatic subjects : effect of 
exposure to diesel Exhaust particles. Int Arch Allergy Immunol 1999;118:437-439. 
[33] Di Giampaolo L, Quecchia C, Schiavone C, et al. Environmental pollution and asthma. 
Int J Immunopathol Pharmacol. 2011;24 (1 Suppl):31S-38S. 
[34] Diaz-Sanchez D, Dotson AR, Takenaka H, et al. Diesel Exhaust particles induce local 
IgE production in vivo and alter the pat tern of IgE production in vivo and alter the 
pat tern of IgE Messenger RNA isoforms. J Clin Invest 1994;94:1417-25. 
[35] Dockrey DW, Schwartz J, Spengler JD. Air pollution and daily mortality association 
with particles and acid aerosols. Environmental Res. 1992;59:362-373. 
[36] Dubey PS, Mall LP. Herbicidal pollution. Pollen damage by herbicyde vapours. 1971. 
[37] Dyrektywa CAFE 2008/50/WE Parlamentu Europejskiego i Rady z dnia 21 maja 
2008r.w sprawie jakoĤci powietrza i czystszego powietrza dla Europy (Dz. Urz. UE 
L. 152 z 11.06.2008). Dyrektywa CAFE 2004/107/WE Parlamentu Europejskiego i 
Rady z dnia 15 grudnia 2004 r. w sprawie arsenu, kadmu, rtęci, niklu i 
wielopierĤcieniowych węglowodorów aromatycznych w otaczającym powietrzu 
(Dz. Urz. UE L 23 z 26.01.2005:3). 
[38] Eckl-Dorna J, Klein B,Reichenauer T, et al. Exposure of rye (Secale cereale) cultivars to 
elevated ozone levels increases the allergen content in pollen. The Journal of 
Allergy and Clinical Immunology. 2010;126: 1315-1317.  
[39] Elminir HK. Dependence of urban air pollutants on meteorology. Science of the Total 
Environment 350. 2005:225–237. 
[40] Emara AM, Abo El-Noor MM, Hassan NA, et al. Immunotoxicity and hematotoxicity 
induced by tetrachloroethylene in egyptian dry cleaning workers. Inhal Toxicol. 
2010;22:117-24. 
[41] Esplugues A, Ballester F, Estarlich M, et all. Indoor and outdoor concentrations and 
determinants of NO2 in a cohort of 1-year-old children in Valencia, Spain. Indoor 
Air. 2010 20:213-23. 
[42] Farhat SC, Silva CA, Orione MA, et all. Air pollution in autoimmune rheumatic 
diseases: A review. Autoimmun Rev. 2011. doi:10.1016/j.autrev.2011.06.008. 
[43] Fitzpatrick AM, Stephenson ST, Hadley GR, et al.Thiol redox disturbances in children 
with severe asthma are associated with posttranslational modification of the 
transcription factor nuclear factor (erythroid-derived 2)-like 2. J Allergy Clin 
Immunol. 2011 ;127:1604-11.  
www.intechopen.com
 Allergens, Air Pollutants and Immune System Function in the Era of Global Warming 
 
249
[44] Franchini M, Mannucci PM. Short-term effects of air pollution on cardiovascular 
diseases: outcomes and mechanisms. Journal of Thrombosis and Haemostasis. 
2007;11: 2169–2174.  
[45] Frei T, Gassner E. Trends in prevalence of allergic rhinitis and correlation with pollen 
counts in Switzerland. Int J Biometeorol. 2008;52: 841-847. 
[46] Frush S, Li Z, Potts EN, Du W, et al. The role of the extracellular matrix protein mindin 
in airway response to environmental airways injury. Environ Health Perspect. 
2011;119:1403-8.  
[47] Fukahori S, Matsuse H, Tsuchida T, et al. Aspergillus fumigatus regulates mite allergen-
pulsed dendritic cells in the development of asthma. Clinical & Experimental 
Allergy. 2010;10:1507-1515. 
[48] Ganguly K, Upadhyay S, Irlmler M, et al. Impaired resolution of inflamatory response 
in the lungs of JF1/Msf mice following carbon nanoparticle instillation. Respr Res 
2011;12:94. 
[49] Georgiadis P, Kyrtopoulos SA. Molecular epidemiological approaches to the study of 
the genotoxic effects of urban air pollution. Mutat Res. 1999;428:91-98.  
[50] Ghosh D, Chakraborty P, Gupta J. Asthma-related hospital admissions in an Indian 
megacity: role of ambient aeroallergens and inorganic pollutants. Allergy; 2010; 
65:795-796.  
[51] Grinn-Gofroń A, Strzelczak A, Wolski T. The relationships between air pollutants, 
meteorological parameters and concentration of airborne fungal spores. 
Environmental Pollution. 2011,159: 602-608. 
[52] Harper JW. Chemical biology: A degrading solution to pollution. Nature 2007;446, 499-500. 
[53] He M, Ichinose T,Yoshida S, et al. Urban particulate matter in Beijing, China, enhances 
allergen-induced murine lung eosinophilia. Inhalation Toxicology. 2010; 22: 709–718.  
[54] Hemminiki K, Grzybowska E, Chorąży M. DNA adducts In humans environmentally 
expose to aromatic compounds In an industrial area of Poland. Carcinogenesis 
1990,11,1229-1231. 
[55] Holladay SD, Mustafa A, Gogal RM. Prenatal TCDD in mice increases adult 
autoimmunity. Reprod Toxicol. 2011;31:312-318. 
[56] Houge C. More doioxin delays. Chemical & Engineering News. 2010;88; 46:30-32. 
[57] Hrubá E, Vondráček J, Líbalová H, et al. Gene expression changes in human prostate 
carcinoma cells exposed to genotoxic and nongenotoxic aryl hydrocarbon receptor 
ligands. Toxicol Lett. 2011; 10;206:178-88. 
[58] http//www.esmo.org/events/lung-2010-iaslc.html. 
[59] http: www.cas.org 
[60] http://www.airnow.gov. 
[61] http://www.eea.europa.eu/about-us/who 
[62] http://www.lungusa.org/. Facts about Indoor Air Pollution.  
[63] http://www.wiklipedia.org;za Stewenson et al. 2006. 
[64] http://www.wios.lodz.pl. Roczna ocena jakoĤci powietrza w województwie łódzkim w 
2009 r. Wojewódzki Inspektorat Ochrony ģrodowiska w Łodzi.  
[65] Huss-Marp J, Darsow U, Brockow K, et al. Can Immunoglobulin E-measurement 
replace challenge tests in allergic rhinoconjunctivits to grass pollen? Clin Exp 
Allergy. 2011;41:1116-24.  
[66] Inoue K, Koike E, Takano H, et al. Effects of diesel exhaust particles on antygen 
presenting cells and antigen-specific Th immunity in mice. Exp Biol Med 
(Maywood). 2009;234:200–209. 
www.intechopen.com
 Air Pollution – Monitoring, Modelling, Health and Control 
 
250
[67] Inoue Y, Matsuwaki Y, Shin SH, Ponikau JU, Kita H: Nonpathogenic, environmental 
fungi induce activation and degranulation of human eosinophils. J Immunol 2005, 
175:5439-5447. 
[68] Izdebska-Szymona K. Immunotoksykologia – nowa gałąź immunologii. Polish Journal 
of Immunology;18; 1993:223-237. 
[69] Jeng HA. Chemical composition of ambient particulate matter and redox activity. 
Environmental Monitoring and Assessment. 2010;169: 597-606. 
[70] Jin KS, Park CM, Lee YW. Identification of differentially expressed genes by 2,3,7,8-
tetraclorodibenzeno-p-dioxin in human bronchial epithelial cells. Exp Toxicol. 
2011;1. PMID: 
[71] Jung EJ, Avliyakulov NK, Boontheung P, Loo JA, Nel AE. Pro-oxidative DEP chemicals 
induce heat shock proteins and an unfolding protein response in a bronchial 
epithelial cell line as determined by DIGE analysis. Proteomics 2007;7:3906–3918. 
[72] Karl T, Harley P, Emmous L et al. Efficient Atmospheric Cleanising of oxidized organic 
trace gases by vegetation. Science 2010;330:816-819. 
[73] Kattan M, Gergen PJ, P. Eggleston, C.M. Visness and H.E. Mitchell, Health effects of 
indoor nitrogen dioxide and passive smoking on urban asthmatic children. J. 
Allergy Clin. Immunol. 2007; 120:618–624. 
[74] Kawakami T, Isama K, Matsuoka A. Analysis of phthalic acid diesters, monoester, and 
other plasticizers in polyvinyl chloride household products in Japan. J Environ Sci 
Health A Tox Hazard Subst Environ Eng. 2011;46:855-64. 
[75] Ken-Ichiro I, Takano H. Facilitating effects ofnanoparticles/materials on sensitive 
immune-related lung disorders. Journal ofNanomaterials; 2011. Article ID 
407402,1- 6; doi:10.1155/2011/407402. 
[76] Kim BE, Howell MD, Guttman E, et al. TNF-ǂ Downregulates Filaggrin and Loricrin 
through c-Jun N-terminal Kinase: Role for TNF-ǂ Antagonists to Improve Skin 
Barrier. Journal of Investigative Dermatology 131, 1272-1279. 
[77] Kirkham PA, Caramori G, Casolari P, et al. Oxidative stress-induced antibodies to 
carbonyl-modified protein correlate with severity of chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med. 2011;184:796-802. 
[78] Koehler C, Ginzkey C, Friehs G, et al.Ex vivo toxicity of nitrogen dioxide in human 
nasal epithelium at the WHO defined 1-h limit value. Toxicol Lett. 2011;207:89-95.  
[79] Kopp MV, Ulmer C, Ihorst G, et al. Upper airway inflammation in children exposed to 
ambient ozone and potential signs of adaptation. Eur Respir J. 1999;14:854-61. 
[80] Korzun W, Hall J, Sauer R. The effect of ozone on common environmental fungi. Clin 
Lab Sci. Spring. 2008;21:107-11. 
[81] Kosisky SE, Marks MS, Yacovone MA, et al. Determination of ranges for reporting 
pollen aeroallergen levels in the Washington, DC, metropolitan area. Ann Allergy 
Asthma Immunol. 2011;107:244-50.  
[82] Krishna MT, Springall D, Meng QH et al. Effects of ozone on epithelium and sensory 
nerves in the bronchial mucosa of healthly humans. Am.J.Respir.Crit.Care 
Med.1997;156:943-950. 
[83] Kuriakose JS, Miller RL. Environmental epigenetics and allergic diseases: recent 
advances. Clinical & Experimental Allergy. 2010;40:1602–1610. 
[84] Kurup VP, Seymour BW, Choi H, Coffman RL. Particulate Aspergillus fumigatus 
antigens elicit a TH2 response in BALB/c mice. J Allergy Clin Immunol. 1994; 
93:1013–20.  
www.intechopen.com
 Allergens, Air Pollutants and Immune System Function in the Era of Global Warming 
 
251
[85] Lai ZW, Hundeiker C, Gleichmann E, et al. Cytokine gene expresion during ontogeny 
in murine thymus on activation of the aryl hydrocarbon receptor by 2,3,7,8-
tetrachlorodibenzo-p-dioxin. Mol Pharmacol. 1997;52:30-37. 
[86] Leshchuk SI, Popkova SM, Budnikova ZI, et. al. Enteric microbiocenosis in the 
population of an industrial city. Gig Sanit. 2011; 2:31-5. 
[87] Li H, Takizawa A, Azuma et al. Disruption of Nrf2 enhances susceptibility to airway 
inflammatory responses induced by low-dose diesel exhaust particles in mice, Clin. 
Immunol. 2008; 128: 366–373. 
[88] Li N, Sioutas C, Cho A, et al. Particle air pollutants, oxidative stress and mitochondria 
damage. Environmental Health Perspectives 2003;111:455-460. 
[89] Li N, Sioutas C, Cho A, Schmitz D, et al. Ultrafine particulate pollutants induce 
oxidative stress and mitochondrial damage. Environmental Health Perspectives. 
2003;111:455–460. 
[90] Li R, Ning Z, Majumdar R, et al. Ultrafine particles from diesel vehicle emissions at different 
driving cycles induce differential vascular pro-inflammatory responses: Implication of 
chemical components and NF-κB signaling. Part Fibre Toxicol. 2010; 7: 6:1-12. 
[91] Li Wei Q, Wen Y Xu, Zhu Y Deng, et al. Genome-scale analysis and comparison of gene 
expression profiles in developing and germinated pollen in Oryza sativa. BMC 
Genomics. 2010; 11:338. 
[92] Li X, Matilainen O, Jin C, et al. Specific SKN-1/Nrf stress responses to perturbations in 
translation elongation and proteasome activity. PLoS Genet. 2011;7:e1002119. 
[93] Liu J, Ballaney M, Al-alem U, et al. Combined inhaled diesel exhaust particles and 
allergen exposure alter methylation of T helper genes and IgE production in vivo. 
Toxicol Sci. 2008;102:76-81. 
[94] Ma JYC, Ma JKH. The dual effect of the particulate and organic components of diesel 
exhaust particles on the alteration of pulmonary immune/inflamatory responses 
and metabolic enzymes. 
[95] Majkowska–Wojciechowska B, Pełka J, Balwierz Z, et al. Pollen counts and pevallence 
of pollen sensitization in children living in rural and urban areas. Allergy Clin 
Immunol. 2005. Supp.No1:398. 
[96] Majkowska–Wojciechowska B, Pełka J, Korzon L, et al. Prevalence of allergy, patterns of 
allergic sensitization and allergy risk factors in rural and urban children. Allergy 
2007;62:1044-1050. 
[97] Marklund A, Andersson B, Haglund P. Organophosphorus flame retardants and 
plasticizers in air from various indoor environments. J Environ Monit. 2005;7:814–819. 
[98] Martinez RF. Gene-environment interaction in asthma: with apologies to William of 
Ockham. Prov Am Thora Soc. 2007:4:26-31. 
[99] Martínez-Paz P, Morales M, Martínez-Guitarte JL et al. Characterization of a 
cytochrome P450 gene (CYP4G) and modulation under different exposures to 
xenobiotics (tributyltin, nonylphenol, bisphenol A) in Chironomus riparius aquatic 
larvae. Comp Biochem Physiol C Toxicol Pharmacol. 2011;12. PMID:22019333. 
[100] Matthias-Maser, Jaenicke R. The size distribution of primary biological aerosol 
particles with radii >0.2 μm in an urban/rural influenced region. Atmospheric 
Research.1995;39:279–286. 
[101] Mattila P, Joenväärä S, Renkonen J, et al. Allergy as an epithelial barrier disease. 
Clinical and Translational Allergy 2011;1:5:1-8.  
www.intechopen.com
 Air Pollution – Monitoring, Modelling, Health and Control 
 
252
[102] Mc Lean WH. The allergy gene: how a mutation in a skin protein revealed a link 
between eczema and asthma. F1000 Med Rep. 2011;14;doi:10.3410/M3-2:1-6. 
[103] Mc Creanor J, Cullinan P, Nieuwenhuijsen MJ et al. Respiratory Effects of Exposure to 
Diesel Traffic in Persons with Asthma. N Engl J Med 2007; 357:2348-58. 
[104] Michaeloudes C, Chang PJ, Petrou M, et al. TGF-{beta} and Nrf2 Regulate Antioxidant 
Responses in Airway Smooth Muscle Cells: Role in Asthma. Am J Respir Crit Care 
Med. 2011 PMID:21799075. 
[105] Miranda ML, Edwards SE, Keating MH, et al. Making the environmental justice grade: 
the relative burden of air pollution exposure in the United States. Int J Environ Res 
Public Health. 2011;8:1755-71.  
[106] Nemery B, Hoet PH Nemmar A. The Meuse Valley Fog of 1930: an air pollution 
disaster. Lancet 2001;357:704-8. 
[107] Nemmar A, Al-Salam S, Zia S, et al. Diesel exhaust particles in the lung aggravate 
experimental acute renal failure. Toxicological Sciences. 2009;113:267–277.  
[108] Nethery E, Wheeler AJ, Fisher M, et al. Urinary polycyclic aromatic hydrocarbons as a 
biomarker of exposure to PAHs in air: A pilot study among pregnant woman. J 
Expo Sci Epidemiol. 2011;14. doi:10.1038/jes.2011.32. 
[109] Peden D, Reed CE. Environmental and occupational allergies. J Allergy Clin Immunol. 
2010;125:S1: 50-60. 
[110] Perera FP, Hemminki K, Grzybowska E, et al. Molecular and genetic damage in 
humans from environmental pollution in Poland. Nature. 1992;360:256-8. 
[111] Peters A, Breitner S, Cyrys J, et al. The influence of improved air quality on mortality 
risks in Erfurt, Germany. Res Rep Health Eff Inst. 2009; 137:5-77;79-90. 
[112] Porębska G, Sadowski M. Contemporary problems of deserts and desertification. 
Ochrona ģrodowiska i Zasobów Naturalnych 2007;30. 
[113] Rangasamy T, Williams MA, Bauer S, et al. Nuclear erythroid 2 p45-related factor 2 
inhibits the maturation of murine dendritic cells by ragweed extract. Am J Respir 
Cell Mol Biol. 2010;43:276-85.  
[114] Renzetti G, Silvestre G, D’Amario C, et al. Less air pollution leeds to rapid reduction 
airways inflamatory and improved airways function in asthmatic children. 
Pediatrics 2009; 123:1051-1058. 
[115] Rezanejad F. The effect of air pollution on microsporogenesis pollen development and 
souble pollen proteins in Spartium Junceum L. (Fabiaceae). Turk J Bot. 2007;31:183-91. 
[116] Ring J, Eberlin-Koenig B, Bherendt H. Environmental pollution and allergy. Ann 
Allergy Asthma Immunol. 2001;87:2-6. 
[117] Rivera A, Ro G, Van Epps HL et al. Innate immune activation and CD4+ T cell priming 
during respiratory fungal infection. Immunity 2006; 25:665–75. 
[118] Robinson CL, Baumann LM, Romero K, et al. Effect of urbanisation on asthma, allergy 
and airways inflammation in a developing country setting. Thorax. 2011;thx. 
158956, Published Online.  
[119] Rückerl R, Greven S, Ljungman P, et al. Air pollution and inflammation (interleukin-6, 
C-reactive protein, fibrinogen) in myocardial infarction survivors. Environ Health 
Perspect. 2007;115:1072-80. 
[120] Samet JM; Janes H, et al. Fine Particulate Matter and Mortality: A Comparison of the 
Six Cities and American Cancer Society Cohorts With a Medicare Cohort. 
Epidemiology. 2008;19:209-216.  
www.intechopen.com
 Allergens, Air Pollutants and Immune System Function in the Era of Global Warming 
 
253
[121] Sang N, Yun Y, Yao GY, et al. SO2-induced neurotoxicity is mediated by 
cyclooxygenases-2-derived prostaglandin E2 and its downstream signaling 
pathway in rat hippocampal neurons. Toxicol Sci. doi: 10.1093/toxsci/kfr224. 
[122] Schelegle ES, Miller LA, Gershwin LJ, et al. Repeated episodes of ozone inhalation 
amplifies the effects of alergen sensitization and ihalation on Airways immune and 
structural development In Rhesus monkeys. Toxicology and Applied 
Pharmacology. 2003;191:74-85. 
[123] Singer BD, Ziska LH, Frenz DA, et al. Increasing Amb a 1 content in common ragweed 
(Ambrosia artemisiifolia) pollen as a function of rising atmospheric CO2 
concentration. Functional Plant Biology. 2005;32:667–670. 
[124] Somssich IE, Schmeizer E, Bollman J, et al. Rapid activation by fungal elictor of genes 
encoding „pathogenesis-related” proteins In cultured parsley cells. Proc Nati Acad 
Sci USA. 1986;83:2427-2430. 
[125] Stapleton HM, Klosterhaus S, Keller A, et al. Identification of flame retardants in 
polyurethane foam collected from baby products. Environ Sci Technol. 
2011;15:5323-31.  
[126] Stępkowski TM, Kruszewski MK. Molecular cross-talk between the NRF2/KEAP1 
signaling pathway, autophagy, and apoptosis. Free Radic Biol Med. 2011 1;50:1186-95. 
[127] Suarez-Cervera M, Castells T, Vega-Maray A, et al. Effects of air pollution on cup a 3 
allergen in Cupressus arizonica pollen grains. Ann Allergy Asthma Immunol. 
2008;101:57-66.  
[128] Sulentic CE, Kaminski NE. The long winding road toward understanding the 
molecular mechanisms for B-cell suppression by 2,3,7,8-tetrachlorodibenzo-p-
dioxin. Toxicol Sci. 2011;120 Suppl 1:S171-91. 
[129] Supanc V, Biloglav Z, Kes VB et al. Role of cell adhesion molecules in acute ischemic 
storke. Ann Saudi Med. 2011;31:365-70.  
[130] Sussan TE, Rangasamy T, Blake DJ, et al. Targeting Nrf2 with the triterpenoid CDDO-
imidazolide attenuates cigarette smoke-induced emphysema and cardiac 
dysfunction in mice. Proc Natl Acad Sci 2009;106:250–255. 
[131] Szabo SJ, Sullivan BM, Stemmann C, et al. Distinct effects of T-bet in TH1 lineage 
commitment and IFN-gamma production in CD4 and CD8 T cells. Science. 2002; 
295:338-42. 
[132] Takenaka H, Zhang K, Diaz-Sanches D, et al. Enhanced human IgE production results 
from exposure to the aromatic hydrocarbons from diesel exhaust: direct effects on 
B-cell IgE production, J Allergy Clin Immunol. 1995:95:103-115. 
[133] Takeshita A, Igarashi-Migitaka J, Nishiyama K, et al. Acetyl tributyl citrate, the most 
widely used phthalate substitute plasticizer, indu ces cytochrome P450 3A through 
steroid and xenobiotic receptor. Toxicol Sci. 2011;123:460-70.  
[134] Tarkowski M, Kur B, Nocun M, et al. Perinatal exposure of mice to TCDD decreases 
allergic sensitisation through inhibition of IL-4 production rather than T regulatory 
cell-mediated suppresion.International Journal of Occupational Medicine and 
Environmental Health. 2010; 23:75-84.  
[135] Tsien A, Fleming J, Saxon A. Combined diesel exhaust particulate and ragweed allergen 
challenge markedly enhances human in vivo nasal ragweed-specific IgE and skews 
cytokine production to a t helper cell 2-type pattern. J Immunol. 1997;158:2406–2413. 
www.intechopen.com
 Air Pollution – Monitoring, Modelling, Health and Control 
 
254
[136] Uysal N, Schapira RM. Effects of ozone on lung function and lung diseases. Curr Opin 
Pulm Med. 2003;9:144-150. 
[137] Van Loon LC, Pierpoint WS, Boller Th et al. Recomendations for naming plant 
pathogenesis-related proteins. Plant Mol Biol. Report 1994;12:245-246.  
[138] Van Loon LC, Van Strien EA, The familie of pathogenesis-related proteins, their 
activities, and comparitive analysis of PR-1 type proteins. Physiol Mol Plant Pathol. 
1999;55:85-97. 
[139] Volling K, Thywissen A, Brakhage AA, et al. Cell Microbiol. Phagocytosis of melanized 
Aspergillus conidia by macrophages exerts cytoprotective effects by sustained 
PI3K/Akt signalling. 2011;13:1130-48.  
[140] Wang J, Liu X Li T, et al. Increased hepatic Igf2 gene expression involves C/EBP in 
TCDD-induced teratogenesis in rats. Reprod Toxicol. 2011;32:313-21. 
[141] Whangchai K, Saengnil K, Uthaibutra J. Effect of ozone in combination with some 
organic acids on the control of postharvest decay and pericarp browning of longan 
fruit. Crop Protection. 2006;25:821-825. 
[142] Wichmann G, Frank U, Herbarth O, et al. Toxicology 2009; 257:127-136. 
[143] Wierda D, Irons RD, Greenlee WF, Immunotoxicity In C57B1/6 mice expose to 
benzene and Arclor 1254. Toxicol. Appl. Pharmacol.1981, 60,410-417. 
[144] Williams MA, Rangasamy T, Bauer S, et al. Disruption of the Transcription Factor Nrf2 
Promotes Pro-Oxidative Dendritic Cells That Stimulate Th2-Like 
Immunoresponsiveness upon Activation by Ambient Particulate Matter . The 
Journal of Immunology, 2008, 181, 4545-4559. 
[145] Wold LE, Simkhovich BZ, Kleinman MT, Nordlie MA, Dow JS, Sioutas C, Kloner RA. 
In vivo and in vitro models to test the hypothesis of particle-induced effects on 
cardiac function and arrhythmias. Cardiovasc Toxicol. 2006;6:69–78.  
[146] Wu K, Xu X, Liu J, et al. In utero exposure to polychlorinated biphenyls and reduced 
neonatal physiological development from Guiyu, China. Ecotoxicol Environ Saf. 
2011. 2011;74:2141-7. 
[147] Wudarczyk A. Toksyczny wpływ tlenków azotu na organizm człowieka. 2001; publ. 
online. 
[148] Yanagisawa R, Takano H, Inoue K et al. Components of diesel Exhaust particles 
differentially affect Th1/Th2 response In a Marine model of allergic inflamation. 
Clin Exp Allergy 2006;36:386-395. 
[149] Yin XJ, Ma JY, Antonini JM et al. Roles of reactive oxygen specjes and heme oxygenase-
1 in modulation of alveolar macrophage-mediated pulmonary immune responses 
to listeria monocytogenes by diesel Exhaust particles. Toxicological Sciences 2004; 
82:143-153. 
[150] Zhou L, Littman DR. Transcriptional regulatory networks in Th17 cell differentiation. 
Curr Opin Immunol. 2009; 21: 146–152. 
[151] Zhu H, Han J, Xiao JQ, et al. Uptake, translocation and acumulation of manufactured 
iron oxide nanoparticles by pumpkin plants. Journal of Environmental Monitoring. 
2008;10:713-717.  
[152] Ziska L, Knowlton K, Rogers C, et all. Recent warming by latitude associated with 
increased length of ragweed pollen season in central North America. Proc Natl 
Acad Sci U S A. 2011;108: 4248–4251.  
www.intechopen.com
Air Pollution - Monitoring, Modelling, Health and Control
Edited by Dr. Mukesh Khare
ISBN 978-953-51-0381-3
Hard cover, 254 pages
Publisher InTech
Published online 21, March, 2012
Published in print edition March, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Air pollution has always been a trans-boundary environmental problem and a matter of global concern for past
many years. High concentrations of air pollutants due to numerous anthropogenic activities influence the air
quality. There are many books on this subject, but the one in front of you will probably help in filling the gaps
existing in the area of air quality monitoring, modelling, exposure, health and control, and can be of great help
to graduate students professionals and researchers. The book is divided in two volumes dealing with various
monitoring techniques of air pollutants, their predictions and control. It also contains case studies describing
the exposure and health implications of air pollutants on living biota in different countries across the globe.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Barbara Majkowska-Wojciechowska and Marek L. Kowalski (2012). Allergens, Air Pollutants and Immune
System Function in the Era of Global Warming, Air Pollution - Monitoring, Modelling, Health and Control, Dr.
Mukesh Khare (Ed.), ISBN: 978-953-51-0381-3, InTech, Available from: http://www.intechopen.com/books/air-
pollution-monitoring-modelling-health-and-control/allergens-air-pollutants-and-immune-system-function-in-the-
era-of-global-warming-
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
